Cystic fibrosis (CF) is due to mutations in the CFTR gene, and is characterized by hypersecretion of the proinflammatory chemokine interleukin 8 (IL-8) into the airway lumen.
INTRODUCTION
Cystic fibrosis (CF) is the most common life-limiting autosomal recessive disease in the U.S. and Europe, and is due to mutations in the CFTR gene (10, 20, 26, 30) . CFTR mutations, of which the most common is [ΔF508]CFTR, cause a massive proinflammatory phenotype in the lung, which is chemically manifest in the airway by high levels of IL-8 and other proinflammatory cytokines and chemokines (1, 15, 31) . IL-8 is the most potent known chemotactic agent for neutrophils (32) , and is secreted from CF lung epithelial cells in a mutation-dependent fashion (4) . The enhanced secretion of IL-8 seems to be an intrinsic property of the CF epithelium, since fetal CF lung epithelium spontaneously secretes high IL-8 levels into the airway as early as the 15th week of gestation (25, 37) . However, the mechanism remains unknown by which a mutation in CFTR engenders massively upregulated levels of IL-8 expression.
The expression of inflammatory genes is known to be regulated by diverse processes.
These processes include the rates of mRNA transcription and decay, and translation of the messages into cognate proteins (21, 38, 41) . For example, the presence of cis-acting AU-rich sequences (AREs) in the 3'-UTR is known to confer instability upon mRNA, which prevents optimal response to extra-cellular stimuli (9, 33, 39) . In fact, ca. 10% of all human genes contain ARE sequences in their 3'-UTR, and are thus constrained to exhibit a broad range of decay rates (2, 18, 35) . Many chemokine mRNAs, including IL-8, have short half-lives. However, the lifetimes of these messages can be increased by post-transcriptional mRNA stabilization mechanisms in response to a wide range of extracellular stimuli (12, 22, 24, 39) . The types of transient extracellular stabilization activators include agents such as IL-1 and LPS (3, 11, 13, 24, (34) (35) (36) . These stabilization 4 mechanisms are mediated by specific transacting RNA binding proteins which specifically recognize the ARE motif (15) (16) (17) (18) . The best known of these ARE-binding proteins include (i) AUF-1/ hnRNP D (42); (ii) HuR, a member of the embryonic lethal abnormal visual (elav) family (5); (iii) KSRP, the KH domain containing splicing factor (8) ; and (iv) TTP, the zinc finger protein (6, 7) . Several studies have reported the role of the ARE-binding protein, TTP in promoting enhanced destabilization of cytokine and chemokine genes (11, 17, 28, 29 [WT]CFTR-repaired cells with siRNA targeting TTP, stabilizes IL-8 mRNA to levels observed in the CF cells. We interpret these and other data to suggest that the mechanism by which CFTR mutations cause hyper-inflammation in the CF airway may be due to aberrant regulation of IL-8 mRNA stability due to low levels of TTP. 8
MATERIALS and METHODS

Reagents
Analysis of TTP mRNA levels by RT-PCR:
The reverse transcription PCR reaction was used to analyze TTP mRNA levels in the cells transfected or not with siRNA against TTP. The primers used were: forward TCTCTGCCATCTACGAGAGCCTC and reverse GCTGATGCTTTGTCGCAGCACATG. The siRNA against TTP was obtained from
Ambion Inc (siRNA id # s14978).
Cell Free mRNA Decay
Cell free mRNA decay assays were performed as described previously (19) . A 59-nucleotide fragment from the 3'-UTR of the IL-8 mRNA nucleotides 1017 to 1076 (GenBank Accession
Number: NM_000584) comprising of overlapping as well as isolated AUUUA pentamers was cloned in pGem-A 0 to generate pGemIL-8wtARE-A 0 . The plasmid was linearized with HindIII and the RNA substrate was generated by in vitro transcription driven by SP6 polymerase. The poly (A) tail α 32 P-ATP radio-labeled substrate RNA was generated using Ambion's poly (A)-tailing kit (according to the manufacturer's protocol) from a cold in vitro transcribed IL-8 substrate RNA transcribed from pGem-IL-8 1017-1076 A 0 . The internally radio-labeled substrate RNA lacking a poly (A) tail was generated by in vitro transcription with α 32 P-UTP from HindIIIlinearized pGem-IL-8 1017-1076 A 0 driven by SP6 polymerase. The radio-labeled RNA substrates were purified from a 6% polyacrylamide urea gel and the specific activity of the substrates were approximately 0.2 x 10 6 cpm/ng. For the in vitro decay assay, 32 P-labeled RNA (2 x 10 4 cpm) was incubated with S100 extract (16 µg protein) in a 30 µl reaction volume containing 10 mM HEPES (pH 7.9), 50 mM KCl, 1 mM MgCl 2 , 1 mM DTT, 0.6 mM ATP, 1.0 µg free poly A and 9 15 mM creatine phosphate for the indicated times. The products were resolved on a 5%
polyacrylamide-urea gel and analyzed by autoradiography.
Statistical analysis
Statistical analysis was performed using SAS version 9 for Windows. Significance values (p ≤ 0.05) were determined by a 2-way ANOVA. Error bars on graphs represent SD.
RESULTS
IL-8 gene expression in CF lung epithelial cells is modulated by regulation of mRNA stability
To determine the relative amount of IL-8 mRNA in the CF lung epithelial cell line (IB3-1) compared to CFTR-repaired cell line (IB3-1/S9), total RNA was isolated from both population of cells. Analyses of IL-8 mRNA by RT-PCR (Fig. 1a) using IL-8 gene specific primer and IL-8
protein by ELISA (Fig. 1b) (Fig. 2b) . The mRNA levels of TTP are barely detectable in IB3-1 cells as well as in the primary CF cells.
TTP promotes enhanced decay of IL-8 mRNA in CF lung epithelial cells
We have used qRT-PCR to test the effect of elevation in TTP on the stability of IL-8
mRNA. As shown in Figure 3a , high levels of TTP lead to a significantly more rapid (Fig. 3d) .
TTP directly impacts IL-8 mRNA stability in CF lung epithelial cells
Since over-expression of TTP in IB3-1 cells promotes significantly rapid decay of IL-8 mRNA, we investigated whether TTP is directly affecting IL-8 mRNA stability.
Therefore, we analyzed IL-8 mRNA stability in the control CFTR-repaired cell line IB3-1/S9 by knocking down TTP expression to see if in the absence of TTP, these cells now exhibit increased stability of IL-8 mRNA comparable to that observed in IB3-1 CF cells.
As depicted in Figures 4a and 4b , the ablation of TTP expression in IB3-1/S9 cells causes significant increase in IL-8 mRNA stability (t 1/2 = 303 min) as compared to that in IB3-1/S9 cells (t 1/2 = 118 min). However, the IB3-1 CF cells which already express low endogenous levels of TTP, exhibits only a slight increase in the stability of IL-8 mRNA when transfected with siRNA against TTP (t 1/2 = 198 min compared to t 1/2 = 175 min).
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The diminution of TTP mRNA using siRNA against TTP was highly efficient as evident from RT-PCR analyses of the corresponding levels of TTP mRNA (Fig. 4c) .
TTP enhances degradation of IL-8 mRNA by promoting deadenylation
As mentioned in the introduction, TTP has been previously shown to enhance mRNA degradation by increased deadenylation of ARE-containing mRNAs (27) . To further investigate whether TTP promotes enhanced decay of IL-8 mRNA by inducing increased deadenylation we performed in vitro degradation assays using IL-8 mRNA 3′-UTR fragment containing ARE sequences. The IL-8 3′-UTR sequence used for the assays is depicted in Figure 5a . The deadenylation-degradation assays were performed using a poly (A) tail radio-labeled (α 32 P-ATP) substrate RNA in vitro transcribed from pGem-IL- 
